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Abstract: We present an absolute magnitude calibration for red giants with the colour magnitude diagrams of six 
Galactic clusters with different metallicities i.e. M92, M13, M5, 47 Tuc, M67, and NGC 6791. The combination 
of the absolute magnitude offset from the fiducial of giant sequence of the cluster M5 with the corresponding 
metallicity offset provides calibration for absolute magnitude estimation for red giants for a given {B — V)o colour. 
The calibration is defined in the colour interval 0.75 < {B — V)o < 1-50 mag and it covers the metallicity interval 
—2.15 < [Fe/H] < +0.37 dex. 91% of the absolute magnitude residuals obtained by the application of the 
procedure to another set of Galactic clusters lie in the interval —0.40 < AM < +0.40 mag. The mean and the 
standard deviation of the residuals are 0.05 and 0.19 mag, respectively. We fitted the absolute magnitude also to 
metallicity and age for a limited sub-sample of {B — V)o colour, just to test the effect of age in absolute magnitude 
calibration. Comparison of the mean and the standard deviation of the residuals evaluated by this procedure with 
the corresponding ones provided by the procedure where the absolute magnitude fitted to a third degree polynomial 
of metallicity show that the age parameter may be omitted in absolute magnitude estimation of red giants. The 
derived relations are applicable to stars older than 4 Gyr, the age of the youngest calibrating cluster. 

Keywords: stars: distances - (stars:) giants - (Galaxy:) globular clusters: individual (M92, M13, M5, 47 Tuc) - 
(Galaxy:) open clusters: individual (M67, NGC 6791) 



Introduction 



"Stellar kinematics and metallicity are two primary means to 

^Jri^duce the history of our Galaxy. However, such goals can not 

^^e achieved without stellar distances. The distance to a star 

(j^ an be evaluated by trigonometric or photometric parallaxes. 

^__Trigonometric parallaxes are only available for nearby stars 

• i-^here Hipparcos ijESA 1 119971 ) is the main supplier for the 

^^ata. For stars at large distances, the use of photometric 
■ 

j^arallaxes is unavoidable. In other words the study of the 
Galactic structure is strictly tied to precise determination of 
absolute magnitudes. 

Different methods can be used for absolute magnitude de- 
termination where most of them are devoted to dwarfs. The 



method used in the Str omgren's uvby — P ( Nissen fc Schuster 
liggil ) and in the UBV jLaird. Carnev fc Lathamlll988l ') pho^ 
tometries depends on the absolute magnitude offset from a 
standard main-sequence. In recent years the derivation of ab- 
solute magnitudes has been carried out by means of colour- 



absolute magnitude diagrams of some specific clusters whose 
metal abundances are generally adopted as the mean metal 
abundance for a Galactic population, such as thin ^ thick discs 
and halo. The studies of 



Phleps et all \2Qm and 



Chen et al. 



( 20011 ) c an be given as exam ples. A slightly different approach 



is that of 



Sieeel et al 



Retired. 



( 20oi ) where two relations, one for stars 
with solar-like abundances and another one for metal-poor 
stars were derived between Mr and the colour index R — I, 
where Mr is the absolute magnitude in the R filter of Johnson 
system. For a star of given metallicity and colour, absolute 
magnitude can be estimated by linear interpolation of two 
ridgelines and by means of linear extrapolation beyond the 
metal-poor ridgeline. 

The most recent procedure used for absolute magnitude 
determination consists of finding the most likely values of the 
stellar parameters, given the measured atmospheric ones, and 
the time spent by a star in each region of the H-R diagram. 
In practice, researchers select the subset of isochrones with 
[M/H] ±A[M/H], where A[m/h] is the estimated error on the 
metallicity, for each set of derived T^f / , log g and [M / H] . 
Then a Gaussian weight is associated to each point of the 
selected isochrones, which depends on the measured atmo- 
spheric parameters and the considered errors. This criterion 
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allows the algorithm to select only the points whose values are 
closed by th e pipeline. For detail s of t his procedure we cit e 
the works of 



Table 1: Data for the clusters used in our work. 



Breddels et al 



(I2OI0!) and lZwitter et al.l (|20ld '). 

This procedure is based on many parameters. Hence it pro- 
vides absolute magnitudes with high accuracy. Also it can be 
applie d to both dwarf and giant stars simultaneously. 

edure for the 



In 



Karaali et al. 



photometric parallax estimation of dwarf stars which depends 
on the absolute magnitude offset from the main-sequence of 
the Hyades cluster. In this study, we will use a similar pro- 
cedure for the absolute magnitude estimation of red giants 
by using the apparent magnitude-colour diagrams of Galactic 
clusters with different metallicities. In Section 2 we present 
the data. The procedure used for calibration is given in Sec- 
tion 3, and Section 4 is devoted to summary and discussion. 

2 Data 

Six clusters with different metallicities, i.e. M92, M13, M5, 
47 Tuc, M67, and NGC 6791, were selected for our pro- 
gram. The range of the metallicity given in iron abundance 
is -2.15 < [Fe/H] < -fO.37 dex. The V - Mv apparent dis- 
tance modulus, {V — Mv)o true distance modulus, E{B — V) 
colour excess, and [Fe/H] iron abundance are given in Table 
1, whereas the V and B ~ V data are presented in Table 2. 
We adopted R — Av/E{B — V) = 3.1 to convert between 
colour excess and extinction. Although different numerical 
values appeared in the literature for specific regions of our 
Galaxy, a single value is applicable everywhere. Different dis- 
tance moduli and interstellar extinctions were cited in the 
literature for the clusters. The data in Table 1 and Table 2 
are taken from the authors cited in the reference list of Ta- 
ble 1. The V and B — V data of M92 were taken from two 

, and 



sources, i.e. 



Sandagd (|1970|) and lStetson fc Harris! ( 
combined to obtain a colour magnitude diagram with largest 
range in B — V. Data used in the combination of the final 
colour-magnitude diagram are shown with bold face in Table 
2. The distance modulu s, reddening, a n d met allicity for this 



cluster were taken from iGratton et al.l (|l997f ). All the data 
for each cluster M5, M67 and NGC6791 were taken from a 
single source, as indicated in Table 1. Whereas, we refer two 
references for the clusters M13 and 47 Tuc. The V and B — V 
data were taken from the first reference, but the second one 
refers to their V — Mv distance modulus, E{B — V) colour- 
excess and [Fe/H] metallicity. The reason of this selection is 
to obtain the best fitting of the colour magnitude diagrams to 
the isochrones (see section 3). Thus, in the case of more than 
one reference in Tablet, the last one refers to the distance 
modulus, colour excess, and metallicity. The original V and 
B — V data refer to the fiducial sequence, i.e. giants, sub- 



Cluster 


V - Mv 


E{B - V) 


(V-Mv)o 


[Fe/H] 


[a/Fe] 


Reference 




(mag) 


(mag) 


(mag) 


(dcx) 






M92 


14.80 


0.025 


14.72 


-2.15 


0.33 


(1),(2),(3) 


M13 


14.44 


0.020 


14.38 


-1.41 


0.22 


(1),(3) 


M5 


14.50 


0.020 


14.44 


-1.17 


0.24 


(4) 


47 Tuc 


13.37 


0.040 


13.25 


-0.80 


0.27 


(5), (6) 


M67 


9.65 


0.038 


9.53 


-0.04 




(7) 


NGC6791 


13.25 


0.100 


12.94 


0.37 




(7) , 



(1) Sandasc (1970), (2) Stetson & Harris (1988), (3;Gratton et al. 

a997,). f4),Sandauist et al., (.1996). 1*5) Hesser et al.. 11987), (6) 
IPercival et al.l 1I2OO2I) . (7) ISandage. Lubin fc VandenBerj j2003h 



giants, and main-sequence stars of the clusters. We plotted 
these sequences on a diagram for each cluster and identified 
red giants by means of their positions in the diagram. The 
{V, B — V) points in Table 2 consist of the fiducial sequence 
of the referred cluster. Hence, they represent the cluster in 
question quite well. However, they are not error free. The er- 
rors for these couples may be a bit larger for the photographic 
magnitude and colours of the clusters M92 and M13 than the 
CCD ones of the other clusters. As noted above the bright 
magnitudes and the corresponding colours of the cluster M92, 
and all ma gnitude and colo urs of the cluster M13 which were 
taken from 



Sandagd (|l970r i are photographic data. We will 
see in Section 3 that the data of these clusters are in good 
agreement with the data of the other clusters investigated by 
using CCD technic. We, then fitted the fiducial sequence of 
the red giants to a sixth degree polynomial for all clusters, 
except M92 for which a seventh degree polynomial was neces- 
sary for a good correlation coefficient. The calibration of Vo 
is as follows: 

Table 3: Numerical values of the coefficients (i = 
0,1,2,3,4,5,6,7) inEq. (1). 



Cluster 


M92 


M13 


M5 


47 Tuc 


M67 


NGC 6791 


{B - V)o 
interval 


[0.55, 1.38] 


[0.83, 1.60] 


[0.66, 1.63] 


[0.75, 1.66] 


[0.86, 1.52] 


[1.04, 1.44] 


ay 


1260.209 














-8985.514 


98.924 


6.240 


143.690 


-1353.155 


- 12852.318 


as 


27088.160 


-753.362 


-76.946 


-1101.784 


9923.884 


97469.551 


a4 


-44677.194 


2376.106 


332.511 


3484.807 


-30101.159 


-307314.819 


^3 


43443.029 


-3970.848 


-700.971 


-5820.763 


48311.495 


515575.766 


^■2 


-24830.833 


3710.911 


789.927 


5421.810 


-43245.725 


-485363.694 


ai 


7688.065 


-1845.252 


-465.120 


-2679.997 


20450.384 


243057.102 




-972.939 


396.915 


128.221 


565.960 


-3974.116 


-50554.897 



r 



^0 



(1) 



The numerical values of the coefficients ai {i = 0, 1, 2, 3, 4, 
5, 6, 7) are given in Table 3, and the corresponding diagrams 
are presented in Fig. 1. The [B — l/)o-interval in the first 
line of the table indicate to the range of [B — V)o available 
for each cluster. 
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Table 2: Fiducial red giant sequences for six Galactic clusters used for calibration. The data of M92 are taken from 
two different sources and combined to obtain a diagram with largest (B — y)-interval. The colours and magnitudes 
used for the calibration are given with bold face. 10 and 12 fiducial points of M67 and NGC 6791, respectively, in the 
original catalogues which correspond to sub- giants/main-sequence stars have not been considered in our work. 



B 


- V 


V 


(B 


- V)„ 


Vo 


B - V 


V 


(B - V)o 


Vo 


B - V 


V 


(B 


- V)o 


Vo 


B 


- V 


V 


{B 


- V)o 


Vo 


M92 (Stetson 


&c Harris 


1988) 


M92 fSandaeo 1970) 


M5 (cont.) 


M67 (cont.) 





690 


15 


80 





665 


15 


72 


1.400 


11.90 


1.375 


11.82 


1.023 


13.91 


1 


003 


13.85 





937 


12 


86 


0.899 


12.74 





677 


16 


00 





652 


15 


92 


1.300 


12.09 


1.275 


12.01 


1.003 


14.09 





983 


14.03 





900 


13 


05 


0.862 


12.93 





664 


16 


20 





639 


16 


12 


1.200 


12.39 


1.175 


12.31 


0.965 


14.30 





945 


14.24 





850 


13 


05 











652 


16 


40 





627 


16 


32 


1.100 


12.75 


1.075 


12.67 


0.903 


14.70 





883 


14.64 





800 


12 


90 











639 


16 


60 





614 


16 


52 


1.000 


13.15 


0.975 


13.07 


0.867 


14.94 





847 


14.87 





750 


12 


75 











627 


16 


80 





602 


16 


72 


0.900 


13.58 


0.875 


13.50 


0.855 


15.09 





835 


15.03 





700 


12 


63 











615 


17 


00 





590 


16 


92 


0.800 


14.11 


0.775 


14.03 


0.831 


15.32 





811 


15.26 





650 


12 


61 











603 


17 


20 





578 


17 


12 


0.750 


14.45 


0.725 


14.37 


0.814 


15.50 





794 


15.44 





600 


12 


60 











591 


17 


40 





566 


17 


32 


0.700 


15.05 


0.675 


14.97 


0.798 


15.70 





778 


15.63 





535 


12 


85 











578 


17 


60 





553 


17 


52 


M92 (Combined Sequence) 


0.783 


15.89 





763 


15.83 





578 


13 


15 











552 


17 


80 





527 


17 


72 






1.375 


11.82 


0.773 


16.10 





753 


16.04 





559 


13 


50 











500 


17 


96 





475 


17 


88 






1.275 


12.01 


0.756 


16.30 





736 


16.24 





562 


13 


75 











476 


18 


00 





451 


17 


92 






1.175 


12.31 


0.746 


16.48 





726 


16.42 


NGC 6791 





450 


18 


08 





425 


18 


00 






1.075 


12.67 


0.731 


16.70 





711 


16.63 


1 


535 


14 


25 


1 


435 


13.94 





419 


18 


20 





394 


18 


12 






0.975 


13.07 


0.724 


16.92 





704 


16.86 


1 


500 


14 


45 


1 


400 


14.14 





400 


18 


32 





375 


18 


24 






0.875 


13.50 


0.711 


17.10 





691 


17.04 


1 


450 


14 


73 


1 


350 


14.42 





396 


18 


40 





371 


18 


32 






0.775 


14.03 


0.714 


17.10 





694 


17.04 


1 


400 


15 


04 


1 


300 


14.73 





388 


18 


60 





363 


18 


52 






0.614 


16.52 


0.717 


17.30 





697 


17.24 


1 


331 


15 


50 


1 


231 


15.19 





390 


18 


80 





365 


18 


72 






0.602 


16.72 


0.694 


17.50 





674 


17.44 


1 


274 


16 


00 


1 


174 


15.69 





397 


19 


00 





372 


18 


92 






0.590 


16.92 


0.684 


17.65 





664 


17.59 


1 


228 


16 


50 


1 


128 


16.19 





406 


19 


20 





381 


19 


12 






0.578 


17.12 


47 Tuc 


1 


191 


17 


00 


1 


091 


16.69 





418 


19 


40 





393 


19 


32 






0.566 


17.32 


1.70 


11.70 


1 


.66 


11.58 


1 


175 


17 


25 


1 


075 


16.94 





434 


19 


60 





409 


19 


52 






0.553 


17.52 


1.60 


11.85 


1 


.56 


11.73 


1 


140 


17 


50 


1 


040 


17.19 





454 


19 


80 





429 


19 


72 


M13 


1.50 


12.03 


1 


.46 


11.91 


1 


100 


17 


50 











477 


20 


00 





452 


19 


92 


1.62 


12.05 


1.60 


11.99 


1.40 


12.23 


1 


.36 


12.11 


1 


050 


17 


46 











502 


20 


20 





477 


20 


12 


1.50 


12.05 


1.48 


11.99 


1.30 


12.55 


1 


.26 


12.43 


1 


000 


17 


39 











529 


20 


40 





504 


20 


32 


1.40 


12.16 


1.38 


12.10 


1.19 


13.00 


1 


.15 


12.88 





950 


17 


35 











559 


20 


60 





534 


20 


52 


1.30 


12.40 


1.28 


12.34 


1.10 


13.50 


1 


.06 


13.38 





900 


17 


42 











594 


20 


80 





569 


20 


72 


1.20 


12.70 


1.18 


12.64 


1.01 


14.00 





.97 


13.88 





888 


17 


50 











632 


21 


00 





607 


20 


92 


1.10 


13.09 


1.08 


13.03 


0.95 


14.50 





.91 


14.38 





875 


17 


75 











675 


21 


20 





650 


21 


12 


1.00 


13.55 


0.98 


13.49 


0.90 


15.00 





.86 


14.88 





888 


18 


00 











718 


21 


40 





693 


21 


32 


0.95 


13.85 


0.93 


13.79 


0.83 


16.00 





.79 


15.88 





909 


18 


25 











763 


21 


60 





738 


21 


52 


0.90 


14.15 


0.88 


14.09 


0.81 


16.50 





.77 


16.38 





942 


18 


50 











810 


21 


80 





785 


21 


72 


0.85 


14.64 


0.83 


14.58 


0.79 


17.00 





.75 


16.88 





974 


18 


75 











855 


22 


00 





830 


21 


92 


M5 


M67 


1 


010 


19 


00 











901 


22 


20 





876 


22 


12 


1.653 


12.06 


1.633 


11.99 


1.555 


9.00 


1.517 


8.88 



















949 


22 


40 





924 


22 


32 


1.582 


12.17 


1.562 


12.11 


1.430 


9.50 


1.392 


9.38 



















996 


22 


60 





971 


22 


52 


1.483 


12.30 


1.463 


12.24 


1.320 


10.00 


1.282 


9.88 
















1 


042 


22 


80 


1 


017 


22 


72 


1.416 


12.46 


1.396 


12.39 


1.220 


10.50 


1.182 


10.38 
















1 


074 


23 


00 


1 


049 


22 


92 


1.342 


12.63 


1.322 


12.57 


1.127 


11.00 


1.089 


10.88 
















1 


089 


23 


20 


1 


064 


23 


12 


1.253 


12.90 


1.233 


12.84 


1.059 


11.50 


1.021 


11.38 
















1 


092 


23 


40 


1 


067 


23 


32 


1.194 


13.10 


1.174 


13.04 


1.032 


11.75 


0.994 


11.63 
















1 


086 


23 


60 


1 


061 


23 


52 


1.141 


13.32 


1.121 


13.26 


1.000 


12.18 


0.962 


12.06 
















1 


077 


23 


80 


1 


052 


23 


72 


1.092 


13.52 


1.072 


13.46 


0.974 


12.50 


0.936 


12.38 
















1 


060 


24 


00 


1 


035 


23 


92 


1.053 


13.72 


1.033 


13.66 


0.950 


12.72 


0.912 


12.60 
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M92 combined 







0.4 0.8 1.2 1.6 



0.8 1.2 1.6 
(B-V). 



Figure 1: Vq x (_B — V)o colour-apparent magnitude dia- 
grams for six Galactic clusters used for the absolute mag- 
nitude calibration. 
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Figure 2: Afy x {B — V)o colour-absolute magnitude dia- 
grams for six Galactic clusters used for the absolute mag- 
nitude calibration. 



3 The Procedure 

3.1 Absolute Magnitude Offset as a Func- 
tion of Metallicity Offset 

The procedure consists of calibration of the absolute magni- 
tude offsets from the fiducial giant sequence of a standard 
cluster as a function of metaUicity offsets. For this purpose 
we proceeded as in the following. We estimated the abso- 
lute magnitudes for the (B — V)o colours given in Table 4 for 
the cluster sample by combining the Vb apparent magnitudes 
evaluated by Eq. (1) and the true distance modulus (/lo) of 
the cluster in question, i.e. 



Mv = Vo - Ho- 



rn 



Then, we plotted the absolute magnitudes versus {B — V)o 
colours. Fig. 2 shows that the absolute magnitude is colour 
and metallicity dependent. It increases (algebraically) with 
increasing metallicity and decreasing colour. We fitted the 
Mv ~ {B — V)o diagrams to isochrones in order to test our 
data and the procedure. The diagrams of five clusters with 
metallicity \Fe/H] < 0.2 dex could be fitted to the Padova 
isochrones (|Marigo et al.ll2008l ). Whereas it could not be car- 
ried out for the cluster NGC 6791 whose metallicity is be- 
yond the upper metallicity limit of the Padova isochrones, 

i.e. [Fe/H] = 0.2 dex. Hence, we used the isochrones of the 

Victoria- Regina Stellar Models (jVandenBerg. Bergbusch fc Dowlei 
20061 1 for the cluster NGC 6791. The resuhs are given in Fig. 
3. There is a good fitting of the fiducial sequence of the red 
giants to the isochrones for a large interval of the {B — V)o 
colour index. However, one can notice a deviation for the 
metal-poor clusters at the red segment. We should note that 
the fitting presented in Fig. 3, for each cluster, is the best 
one of different combinations of distance modulus, reddening, 
and metallicity. We adopted the sequence of M5 as the stan- 
dard one and we evaluated the AM offsets from the fiducial 
giant sequence of M5 (Table 4). Now, we can replace AAf 
versus the corresponding A[Fe/H] iron abundance residuals 
and obtain the required calibration. This is carried out for 
the colours {B - V)o = 0.75, 1.00, 1.25, and 1.50 mag just 
to test of the procedure, and the results are given in Table 5 
and Fig. 4. This procedure can be applied to any {B — V)o 
colour- interval for which the sample clusters are defined. 

We adopted this interval in our study as 0.75 < (-8—^)0 < 
1.50 mag where at least three clusters are defined, and we 
evaluated AM offsets for each colour. Then, we combined 
them with the corresponding A [Fe / H] residuals and obtained 
the final calibrations. The general form of the equation for 
the calibrations is as follows: 



AM 



60 + biX + biX' + biX'' 



(3) 
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Table 4: My absolute magnitudes and AM offsets estimated for a set of {B — V)o interval for six Galactic clusters 

used in the calibration. 

M92 M13 M5 47 Tuc M67 NGC 6791 



<-V)o 


My 


AM 


My 


AM 


My 


AM 


My 


AM 


My 


AM 


My 


AM 


0.55 


2.81 


— 





— 





— 


— 


— 





— 


— 


— 


0.60 


2.04 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


— 


0.65 


1.06 


-2.54 






3.59 

















0.70 


0.20 


-2.27 






2.47 

















0.75 


-0.43 


-2.05 






1.61 





3.58 


1.96 










0.80 


-0.85 


-1.81 






0.96 





2.45 


1.49 










0.85 


-1.13 


-1.58 


-0.01 


-0.47 


0.45 





1.71 


1.26 


3.39 


2.93 






0.90 


-1.34 


-1.39 


-0.42 


-0.47 


0.05 





1.19 


1.15 


3.20 


3.16 






0.95 


-1.54 


-1.25 


-0.73 


-0.44 
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Figure 3: My x {B — V)o absolute magnitude-colour di- 
agrams fitted to isochrones. 
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Table 5: AM and A[Fe/H] offsets for four {B - V\ 
intervals. 



{B - V)o 


A[Fe/H] 


AM 


0.75 


-0.98 


-2.05 




0.00 


0.00 




0.37 


1.96 


1.00 


-0.98 


-1.16 




-0.24 


-0.41 




0.00 


0.00 




0.37 


1.05 




1.13 


2.66 


1.25 


-0.98 


-0.97 




-0.24 


-0.30 




0.00 


0.00 




0.37 


0.86 




1.13 


2.20 




1.54 


3.79 


1.50 


-0.24 


-0.17 




0.00 


0.00 




0.37 


0.82 




1.13 


1.68 



where X = A[Fe/H]. 

AM could be fitted in terms of A[Fe/H] for the colours 
0.75 < {B — V)o < 0.82 mag by a quadratic polynomial, 
whereas a cubic polynomial provided higher correlation for 
{B — V)o > 0.83 mag. The absolute magnitudes estimated via 
Eq. (2) for 76 colours and the corresponding bi (i = 0,1,2,3) 
coefficients are given in Table 6. However, the numerical val- 
ues for AM are omitted and the diagrams for the calibrations 
are not displayed for avoiding space consuming. One can use 
any data set taken from Table 6 depending on the required 
accuracy, and apply it to stars whose iron abundances are 
available. 

The calibration of AM in terms of A[Fe/ H] is carried out 
for the colour interval 0.75 < {B ~ V)o < 1.50 mag in steps of 
0.1 mag. Small step is necessary to isolate an observational 
error on B — V plus a wrong error due to reddening. The 
origin of the mentioned errors is the trend of the Red Giant 
Branch (RGB) sequence. As it is very steep, a small error in 
B — V implies a large change in the absolute magnitude. 

Iron abundance, [Fe/H], is not the only parameter deter- 
mining the chemistry of the star but also alpha enhancement, 
[a/Fe], is surely important. The [a/Fe] values for seven clus- 
ters used in our work are given in Table 1 (and Table 10, see 
Section 3.3). One can notice an inverse-correlation between 
two sets of abundances, i.e. [a/^Fe] increases with decreasing 
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[Fe/H]. Hence, we do not expect any considerable change in 
the numerical value of AM in the case of addition of an alpha 
enhancement term in Eq. (3). 

3.2 Absolute Magnitude as a Function of 
Metallicity and Age 

Age plays an important role in the trend of the fiducial se- 
quence of the RGB. Hence, we added age as a parameter in 
the calibration of the absolute magnitude as follows: 



Mv = Co + cia; + C2y + czx^ + ay' + csxy 



(4) 



where x and y indicate the metallicity and age, i.e. x = 
[Fe/H] and y = t. The metallicities and ages of the clusters 
can be used and the coefficients Ci {i — 0, 1, 2, 3, 4, 5) can 
be determined. The common domain of the clusters is 1.05 < 
{B — V)o < 1.35 mag. Hence, this procedure works only for 
the {B — V)o colour interval just cited. However, we could 
extend this procedure to the interval 0.85 < {B ~ V)o < 1.05 
mag. by a small modification of Eq. (4) as in the following: 



Mv — do + d\x + d2y + d^x + d^xy 



(5) 



Thus, we omitted the fifth term in Eq. (4) and obtained Eq. 
(5) with five coefficients, i.e. di (i — 0, 1, 2, 3, 4), which can be 
determined by using the metallicities and ages of the clusters 
M92, M13, M5, 47 Tuc, and M67. The elimination of the fifth 
term is due to fact that its coefficient (04) is the (absolutely) 
smallest one (see Section 3.3). One can use Eq. (4) and Eq. 
(5) simultaneously and estimate the absolute magnitudes of 
red giants with 0.85 < {B - V)o < 1.35. 

We used the metallicities of the clusters M92, M13, M5, 
47 Tuc, M67, and NGC 6791 in Table 1, their ages in Table 7 
and the absolute magnitudes of these clusters in Table 4 for 
{B~V)o = 1.05, 1.10, 1.15, 1.20, 1.25, 1.30, 1.35, and deter- 
mined seven sets of coefficients Ci (i = 0, 1, 2, 3, 4, 5). The 
coefficients di {i = 0, 1, 2, 3, 4) were determined by the same 
procedure for the same {B — V)o colour-indices omitting the 
data of NGC 6791, however. The results are given in Table 8 
and Table 9. The aim of the limitation for the {B — V)o colour 
is to test the effect of age on absolute magnitude estimation. 
One can extend the determination of the coefficients d and 
di to a larger (B — V)o interval, accordingly. 



Table 7: Ages of the clusters. The ages of the clusters 
used for the absolute magnitude calibration, M92, M13, 
M5, 47 Tuc, M67 and NGC 6791 are determined in this 
study as showed Fig. 3. Whereas, the ages of the clusters 
used for the application of the procedure are taken from 
the authors given in the reference list. 



Cluster 


t (Gyr) 


Cluster 


t (Gyr) 


M92 


13.18 


M3 


12.1 


M13 


13.18 


M53 


13.2 


M5 


11.00 


M71 


10.1 


47 Tuc 


10.00 


NGC 188 


5.9 


M67 


4.00 


NGC 6366 


8.0 


NGC 6791 


10.00 


IC 4499 


11.2 






Ter 7 


8.9 



(ll lSalaris fc Weisij ||2002), (2)ISantos fc Piattil l2004h . (3) 
iMeibom et al.l j200g|i 



Table 8: Numerical values of the coefficients in Eq. (4) 



for seven {B 




colour indices. 








[B - V)q 


Co 


Cl 


C2 


C3 


C4 




1.05 


-3.62 


12.00 


1.88 


-0.08 


-0.12 


-0.86 


1.10 


-3.73 


11.48 


1.80 


-0.13 


-0.12 


-0.83 


1.15 


-3.95 


11.54 


1.80 


-0.28 


-0.12 


-0.88 


1.20 


-4.14 


11.58 


1.79 


-0.37 


-0.12 


-0.91 


1.25 


-4.51 


12.19 


1.84 


-0.54 


-0.13 


-0.99 


1.30 


-5.04 


12.26 


1.94 


-0.56 


-0.13 


-1.01 


1.35 


-5.7 


12.84 


2.09 


-0.69 


-0.14 


-1.09 



3.3 Application of the Method 

3.3.1 Absolute Magnitudes Estimated by means 
of Metallicity 

We applied the method to seven clusters with different metal- 
licities, i.e. M3, M53, M71, NGC 188, NGC 6366, IC 4499, 
and Ter 7, as explained in the following. The reason of choos- 
ing clusters instead of individual field giants is that clusters 
provide absolute magnitudes for comparison with the ones 
estimated by means of our method. The distance modulus, 
colour excess and metallicity of the clusters are given in Table 
10, whereas the V and B — V data are presented in Table 11 
and they are calibrated in Fig. 5. The data in Table 10 and 
Table 11 are taken from the authors cited in the reference list 
of Table 10. In the case of two references, the first one refers 
to the V, {B — V) fiducial sequence, whereas the second one 
refers to the data given in the same table. 

As in the case of Table 2, the (V, B-V) points in Table 11 
consist of the fiducial sequence of the referred cluster. Hence, 
they represent the cluster in question quite well. However, 
they are not error free. Although one can expect a bit larger 
error for the photographic data of the cluster M3, this did not 
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Table 6: My absolute magnitudes estimated for six Galactic clusters and the numerical values of bi {i = 0,1,2,3) 
coefficients in Eq. (3). The last column gives the range of the metallicity [Fe/H] (dex) for the star whose absolute 
magnitude would be estimated. is the square of the correlation coefficient. 



M92 M13 M5 47 Tuc M67 NGC6791 



(B 





- ^)o 


My 


My 


My 


My 


My 


My 




''O 




bi 




^2 




^3 







75 


-0 


43 






1 


61 


3 


58 











0000 




4252 




3862 











76 


-0 


53 






1 


47 


3 


31 











0000 




1750 




1787 








^ 


77 


-0 


62 






1 


33 


3 


07 










0000 




9541 




0013 











78 


-0 


71 






1 


20 


2 


84 











0000 


3 


7585 




8506 











79 


-0 


78 






1 


08 


2 


64 











0000 


3 


5884 




7260 











80 


-0 


85 






0.96 


2 


45 











0000 


3 


4340 




6174 











81 


-0 


92 






0.85 


2 


28 











0000 


3 


2995 




5280 










82 


-0 


98 









74 


2 


12 











0000 


3 


1841 




4602 










83 


-1 


03 


0- 


19 





64 


1 


97 











0000 




3726 




5943 


1 


9544 







84 


-1 


08 


0. 


09 


0.64 


1 


84 











0000 




3826 




3782 


1 


6756 







85 


-1 


13 


-0 


01 


0.45 


1 


71 


3 


39 







1142 




8836 





4740 


-0.7204 


0.9982 


° 


86 


-1 


18 


-0 


11 


0.36 


1 


59 


3 


40 




^ 


1012 




8215 


^ 


5387 


-0.6475 


0.9987 





87 


-1 


22 


-0 


19 





28 


1 


48 


3 


39 







0912 




7659 





5891 


-0 
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0-9989 





88 


-1 


26 


-0 
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1 


38 


3 


35 







0837 
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-0 
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89 


-1 


30 


-0 


35 





12 


1 


29 


3 


28 







0777 
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6510 


-0 


5338 


0.9992 





90 


-1 


34 


-0 


42 


0.05 


1 


19 


3 


20 







0738 




6431 





6668 


-0.5212 


0.9993 





91 


-1 


38 


-0 


49 


-0 


03 


1 


11 


3 


11 







0714 




6111 
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0000 


1 


6073 


2.6821 


-2.4063 


1 


1 


47 






-2 


39 


-2 


20 


-1 


36 


-0.45 







0000 


1 


5920 


2 


7009 


-2 


4241 


1 


1 


48 






-2 


40 


-2 


21 


-1 


38 


-0 


-48 







0000 


1 


5742 


2 


7399 


-2 


4585 


1 


1 


49 






-2 


40 


-2 


23 


-1 


40 


-0.62 







0000 


1 


5530 


2 


7816 


-2 


4954 


1 


1 


50 






-2 


41 


-2 


24 


-1 


42 


-0.56 







0000 


1 


5327 


2.8113 


-2.527 


1 



[Fe/H]-h 



-2,15 
-2,15 

-2,15 
-2,15 
-2,16 
-2,15 
-2,15 
-2,15 
-2,15 
-2,16 
-2,15 
-2,15 
2,15 
2,15 
-2,16 
-2,15 
-2,15 
-2,15 
-2,15 
-2,16 
-2,15 
-2,15 
-2,15 
-2,15 
-2,15 
-2,15 
-2,15 
-2,15. 
-2,15. 
■2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
■2,15, 
-2,15, 
■2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
■2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
-2,15, 
2,15, 
-2,15, 
■2,15, 
-2,15, 
-2,15, 
■2,15, 
-2,15, 

■ 1,41, 
-1,41, 
-1,41, 

1,41, 
-1,41, 

■ 1,41, 
-1,41, 
-1,41, 
-1,41. 
-1,41. 
-1,41, 
-1,41, 



-0,80] 

-0,80] 
-0,80] 
-0,80] 
-0,80] 
-0,80] 
-0,80] 
-0,80] 
-0,80] 
-0,80] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-1-0,37] 
+0,37] 
-1-0,37] 
-1-0,37] 
+ 0,37] 
+0,37] 
+0,37] 
+0,37] 
+ 0,37] 
+ 0,37] 
+ 0,37] 
+0,37] 
+0,37] 
+ 0,37] 
+ 0,37] 
+ 0,37] 
+0,37] 
+0,37] 
+ 0,37] 
+ 0,37] 
+ 0,37] 
+0,37] 
+0,37] 
+ 0,37] 
+ 0,37] 
+0,37] 
+0,37] 
+0,37] 
+ 0,37] 
+ 0,37] 
+0,37] 
+0,37] 
+0,37] 
+ 0,37] 
+ 0,37] 
+0,37] 
+0,37] 
+0,37] 
+ 0,37] 
+ 0,37] 
+0,37] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
-0,04] 
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Table 10: Data for the clusters used for the applicatfon 
of the method. 



1 

-1 

^ 4 





" 1 1 1 1 1 1 1 1 1 1 1 r 


1 1 1 1 1 1 1 1 1 1 1 1 1 " 


: (B-V)t=1.50 



1 -1 

A[Fe/H] 



Figure 4: Calibration of the absolute magnitude offsets 
(AM) as a function of metallicity offsets {A[Fe/ H]) for 
four colour-indices. 



Table 9: Numerical values of the coefficients in Eq. (5) 
for seven {B — V)o colour indices. 



[B - V)o 


do 


rfi 


d2 


d3 


^4 


1.05 


0.13 


4.18 


0.42 


1.82 


0.25 


1.10 


-0.13 


3.96 


0.39 


1.69 


0.23 


1.15 


-0.27 


3.86 


0.36 


1.59 


0.21 


1.20 


-0.42 


3.80 


0.34 


1.52 


0.19 


1.25 


-0.65 


3.77 


0.34 


1.49 


0.18 


1.30 


-0.96 


3.75 


0.35 


1.51 


0.19 


1.35 


-1.32 


3.69 


0.38 


1.53 


0.20 



Cluster 


V - Mv 


E{B - V) 


{V - Mv 


)o [Fe/H] 


[a/Fe 


Reference 




(mag) 


(mag) 


(mag) 


(dcx) 


(dcx) 




M3 


15.07 


0.010 


15.04 


-1.50 


0.29 


(1),(2) 


M53 


16.32 


0.020 


16.26 


-1.99 




(3), (2) 


M71 


13.70 


0.280 


12.83 


-0.78 


0.39 


(4) 


NGC188 


11.40 


0.095 


11.11 


-0.01 




(5) 


NGC6366 




0.700 


12.26 


-0.67 




(6) 


IC4499 


17.08 


0.230 


16.37 


-1.53 




(7), (2) 


Ter7 


17.01 


0.070 


16.79 


-0.87 


0.009 


(8) 


ISandaffd Jl970D. 


(2)|Harrid 


(Il996l.l201 


3), (3) Rev 


ct al. 


1998), (4) 


iHodder et al.l lll992'l. f5~l'Mcibom ct al 


.' hoO^i). (6)IAlonso et al.l 



show up (see Table 12, column 7). 

We evaluated the AM absolute magnitude offsets by us- 
ing the Eq. (3) for the (B — V)o-domain of each cluster, added 
them to the corresponding absolute magnitude of the cluster 
M5 and obtained the absolute magnitude (My)*. The results 
are presented in Table 12. The columns give; (1) {B — V)o 
colour index, (2) Mv, absolute magnitude for the cluster es- 
timated by its colour magnitude diagram, (3) {Mv)m5, abso- 
lute magnitude corresponding to the cluster M5, (4) A[Fe/H], 
metallicity offset from the metallicity of the cluster M5, (5) 
AM, absolute magnitude offset from the fiducial giant se- 
quence of the cluster M5, (6) (My)*, the absolute magnitude 
estimated by the procedure, (7) absolute magnitude residuals: 
Mv — (Mv)*. The cluster name is indicated at the top of the 
corresponding columns. 

The differences between the absolute magnitudes estimated 
in this study and the ones evaluated via the colour magnitude 
diagrams of the clusters, i.e. Mv — (Mv)*, lie between —0.61 
and -1-0.66 mag. However, the range of 91% of the residuals 
is shorter, i.e. —0.4 < Mv — (My)* < +0.4 mag, and their 
mean and standard deviation are only 0.05 and 0.19 mag, re- 
spectively. The positive large values correspond to the data 
of cluster NGC 188, whereas the negative ones originate from 
the data of cluster NGC 6366. The results are given in Table 
13 and Fig. 6. 

3.3.2 Absolute Magnitudes Estimated by Means 
of Metallicity and Age 

We applied the procedure presented in Section 3.2 to the same 
clusters, i.e. M3, M53, M71, NGC 188, NGC 6366, IC 4499, 
and Ter 7, and estimated two sets of absolute magnitudes for 
the colour indices {B-V)o = 1.05, 1.10, 1.15, 1.20, 1.25, 1.30, 
1.35. We used the coefficients Ci and di in Table 8 and Table 9 
for the two sets of absolute magnitudes. The ages and metal- 
licities of the clusters used in the corresponding equations are 
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Table 11: Fiducial giant seciucuccs lor the Galactic clusters used in the ai)i)licatroii of the procedure. 



B-V 


V 


{B - V)o 


Vo 


B-V 


V 


{B - V)o 


Vo 


B-V 


V 


{B - V)o 


Vo 


M3 


M71 


IC 4499 


1.550 


12.62 


1.540 


12.59 


1.720 


12.50 


1.440 


11.63 


1.440 


15.00 


1.210 


14.29 


1.500 


12.70 


1.490 


12.67 


1.550 


13.00 


1.270 


12.13 


1.377 


15.20 


1.147 


14.49 


1.400 


12.90 


1.390 


12.87 


1.420 


13.50 


1.140 


12.63 


1.318 


15.40 


1.088 


14.69 


1.300 


13.14 


1.290 


13.11 


1.305 


14.00 


1.025 


13.13 


1.264 


15.60 


1.034 


14.89 


1.200 


13.40 


1.190 


13.37 


1.210 


14.50 


0.930 


13.63 


1.213 


15.80 


0.983 


15.09 


1.100 


13.66 


1.090 


13.63 


1.150 


15.00 


0.870 


14.13 


1.166 


16.00 


0.936 


15.29 


1.000 


14.04 


0.990 


14.01 


1.100 


15.50 


0.820 


14.63 


1.124 


16.20 


0.894 


15.49 


0.950 


14.25 


0.940 


14.22 


1.075 


16.00 


0.795 


15.13 


1.085 


16.40 


0.855 


15.69 


0.900 


14.65 


0.890 


14.62 


1.060 


16.50 


0.780 


15.63 


1.051 


16.60 


0.821 


15.89 


0.860 


15.00 


0.850 


14.97 


1.040 


17.00 


0.760 


16.13 


1.020 


16.80 


0.790 


16.09 


0.820 


15.50 


0.810 


15.47 


NGC 188 


0.994 


17.00 


0.764 


16.29 


M53 


1.387 


12.00 


1.292 


11.71 


0.971 


17.20 


0.741 


16.49 


1.476 


13.83 


1.456 


13.77 


1.305 


12.54 


1.210 


12.25 


0.953 


17.40 


0.723 


16.69 


1.316 


14.05 


1.296 


13.99 


1.233 


13.00 


1.138 


12.71 


0.938 


17.60 


0.708 


16.89 


1.226 


14.29 


1.206 


14.23 


1.162 


13.50 


1.067 


13.21 


0.910 


18.00 


0.680 


17.29 


1.126 


14.49 


1.106 


14.43 


1.112 


14.00 


1.017 


13.71 


0.896 


18.20 


0.666 


17.49 


1.072 


14.72 


1.052 


14.66 


1.091 


14.25 


0.996 


13.96 


0.887 


18.40 


0.657 


17.69 


1.023 


14.88 


1.003 


14.82 


1.060 


14.75 


0.965 


14.46 


0.878 


18.60 


0.648 


17.89 


0.971 


15.07 


0.951 


15.01 


1.028 


15.00 


0.933 


14.71 


0.871 


18.80 


0.641 


18.09 


0.949 


15.30 


0.929 


15.24 


NGC 6366 


0.863 


19.00 


0.633 


18.29 


0.911 


15.50 


0.891 


15.44 


2.100 


13.38 


1.400 


11.21 


0.858 


19.20 


0.628 


18.49 


0.882 


15.68 


0.862 


15.62 


2.010 


13.42 


1.310 


11.25 


0.853 


19.40 


0.623 


18.69 


0.856 


15.89 


0.836 


15.83 


1.970 


13.52 


1.270 


11.35 


0.848 


19.60 


0.618 


18.89 


0.823 


16.10 


0.803 


16.04 


1.930 


13.64 


1.230 


11.47 


0.844 


19.80 


0.614 


19.09 


0.802 


16.29 


0.782 


16.23 


1.840 


13.97 


1.140 


11.80 


Tcrzan7 


0.787 


16.50 


0.767 


16.44 


1.750 


14.35 


1.050 


12.18 


1.770 


15.05 


1.700 


14.83 


0.772 


16.70 


0.752 


16.64 


1.690 


14.66 


0.990 


12.49 


1.420 


15.55 


1.350 


15.33 


0.748 


16.90 


0.728 


16.84 


1.650 


14.97 


0.950 


12.80 


1.140 


16.75 


1.070 


16.53 


0.735 


17.08 


0.715 


17.02 


1.620 


15.23 


0.920 


13.06 


0.960 


18.25 


0.890 


18.03 


0.717 


17.31 


0.697 


17.25 


1.600 


15.40 


0.900 


13.23 


0.860 


19.25 


0.790 


19.03 


0.700 


17.50 


0.680 


17.44 


1.570 


15.55 


0.870 


13.38 


0.840 


19.75 


0.770 


19.53 


0.686 


17.68 


0.666 


17.62 


1.560 


15.76 


0.860 


13.59 


0.810 


20.22 


0.740 


20.00 


0.675 


17.91 


0.655 


17.85 


1.540 


16.00 


0.840 


13.83 










0.660 


18.09 


0.640 


18.03 


1.530 


16.29 


0.830 


14.12 










0.654 


18.30 


0.634 


18.24 


1.520 


16.42 


0.820 


14.25 










0.643 


18.50 


0.623 


18.44 


1.500 


16.67 


0.800 


14.50 










0.626 


18.69 


0.606 


18.63 


1.480 


17.00 


0.780 


14.83 










0.620 


18.91 


0.600 


18.85 


1.470 


17.35 


0.770 


15.18 










0.612 


19.09 


0.592 


19.03 


1.460 


17.51 


0.760 


15.34 










0.597 


19.30 


0.577 


19.24 


1.450 


17.66 


0.750 


15.49 


















1.440 


18.02 


0.740 


15.85 
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Table 12: {My)* absolute magnitudes and the residuals estimated by the procedure explained in our work. The 

columns give: (1) {B — V)o colour index, (2) My, absolute magnitude for the cluster estimated by its colour magnitude 
diagram, (3) {Mv)m5, absolute magnitude corresponding to the cluster M5, (4) A[Fe/H], metallicity offset from the 
metallicity of cluster M5, (5) AM, absolute magnitude offset from the fiducial giant sequence of cluster M5, (6) {My)*, 
the absolute magnitude cstiiuutcd by the; proccnhu'c*. (7) a.bsohit(> niagiiitutk^ r(>rii(luals: JMi — (il/v)*. 



(B-V)o My (,My)M5 A[fe/H] AM (My), (2) - (6) 



(B-V)o My (My),^,^ A[Fe/ff] AM (My). (2) - (6) 



M53 (cont.) 



0.85 


-0 


07 


0.45 


-0 


33 


-0 


76 


-0 


31 


0.24 





97 


-1 


28 


-0 


41 


-0 


.82 


-1 


21 


-1.62 


0.34 


0.90 


-0 


52 


0.05 


-0 


33 


-0 


71 


-0 


66 


0.14 


1 


00 


-1 


42 


-0 


58 


-0 


.82 


-1 


17 


-1.75 


0.33 


0.95 


-0 


85 


-0 


29 


-0 


33 


-0 


67 


-0 


96 


0.10 


1 


02 


-1 


50 


-0 


69 


-0 


.82 


-1 


15 


-1.84 


0.34 


1.00 


-1 


10 


-0 


58 


-0 


33 


-0 


63 


-1 


21 


0.11 


1 


05 


-1 


61 


-0 


84 


-0 


.82 


-0 


88 


-1.72 


0.10 


1.05 


-1 


28 


-0 


84 


-0 


33 


-0 


28 


-1 


11 


-0.17 


1 


10 


-1 


78 


-1 


07 


-0 


.82 


-0 


86 


-1.93 


0.16 


1.10 


-1 


44 


-1 


07 


-0 


33 


-0 


28 


-1 


35 


-0.09 


1 


12 


-1 


84 


-1 


16 


-0 


.82 


-0 


87 


-2.03 


0.19 


1.15 


-1 


58 


-1 


29 


-0 


33 


-0 


31 


-1 


60 


0.02 


1 


15 


-1 


92 


-1 


29 


-0 


.82 


-0 


87 


-2.15 


0.23 


1.20 


-1 


71 


-1 


49 


-0 


33 


-0 


33 


-1 


82 


0.11 


1 


17 


-1 


97 


-1 


37 


-0 


.82 


-0 


87 


-2.23 


0,26 


1.25 


-1 


84 


-1 


67 


-0 


33 


-0 


33 


-1 


99 


0.16 


1 


20 


-2 


04 


-1 


49 


-0 


.82 


-0 


86 


-2.34 


0,30 


1.30 


-1 


96 


-1 


83 


-0 


33 


-0 


31 


-2 


13 


0.17 


1 


22 


-2 


09 


-1 


56 


-0 


.82 


-0 


85 


-2.41 


0.32 


1.35 


-2 


09 


-1 


96 


-0 


33 


-0 


28 


-2 


24 


0.16 


1 


25 


-2 


16 


-1 


67 


-0 


.82 


-0 


83 


-2.50 


0.34 


1.40 


-2 


20 


-2 


07 


-0 


33 


-0 


54 


-2 


61 


0.40 


1 


27 


-2 


20 


-1 


73 


-0 


.82 


-0 


82 


-2.56 


0.36 


1.45 


-2 


31 


-2 


16 


-0 


33 


-0 


16 


-2 


33 


0.02 


1 


30 


-2 


26 


-1 


83 


-0 


.82 


-0 


81 


-2.64 


0,38 


1.50 


-2 


40 


-2 


24 


-0 


33 


-0 


11 


-2 


35 


-0.05 


1 


32 


-2 


30 


-1 


88 


-0 


.82 


-0 


80 


-2.69 


0,39 


M71 


1 


35 


-2 


35 


-1 


96 


-0 


.82 


-0 


78 


-2.74 


0.39 


0.80 


2.20 


0.96 





39 


1 


59 


2.54 


-0.34 


1 


37 


-2 


39 


-2 


01 


-0 


.82 


-0 


76 


-2.76 


0.38 


0.85 


1 


40 


0.45 





39 


1 


27 


1 


72 


-0.32 


Ter7 


0.90 





93 


0,05 





39 


1 


18 


1 


22 


-0.29 





75 


3 


01 


1. 


61 





30 


1 


54 


3,15 


-0.15 


0.95 





63 


-0 


29 





39 


1 


12 





S3 


-0,19 





77 


2 


69 


1. 


33 





30 


1 


37 


2,70 


-0.01 


1.00 


0.39 


-0 


58 





39 


1 


07 





49 


-0.10 





80 


2 


25 


0. 


96 





30 


1 


18 


2.13 


0.11 


1.05 





15 


-0 


84 





39 





63 


-0.20 


0.35 





82 


1 


98 


0. 


74 





30 


1 


09 


1.83 


0.15 


1.10 


-0 


10 


-1 


07 





39 





62 


-0.45 


0.34 





85 


1 


60 


0.45 





30 


1 


00 


1.45 


0.15 


1.15 


-0 


35 


-1 


29 





39 





66 


-0 


63 


0.28 





90 


1 


06 





05 





30 





91 


0,96 


0,11 


1.20 


-0 


57 


-1 


49 





39 





67 


-0 


81 


0.24 





92 


0,87 


-0 


10 





30 





89 


0,80 


0,08 


1.25 


-0 


74 


-1 


67 





39 





67 


-1 


00 


0.26 





95 


0.61 


-0 


29 





30 





87 


0.58 


0.03 


1.30 


-0.85 


-1 


83 





39 





66 


-1 


17 


0.31 





97 


0.45 


-0 


41 





30 





85 


0.44 


0.00 


1.35 


-0.94 


-1 


96 





39 





64 


-1 


32 


0.38 


1 


00 


0.22 


-0 


58 





30 





84 


0.26 


-0.04 


1.40 


-1 


08 


-2 


07 





39 





74 


-1 


34 


0.26 


1 


02 





08 


-0 


69 





30 





82 


0,14 


-0.06 


1.45 


-1 


41 


-2 


16 





39 





90 


-1 


27 


-0.14 


1 


05 


-0 


11 


-0 


84 





30 





48 


-0,35 


0,24 


NGC1S8 


1 


10 


-0 


40 


-1 


07 





30 





48 


-0.59 


0.19 


1.00 


2 


79 


-0 


58 


1 


17 


2 


71 


2 


13 


0.66 


1 


12 


-0 


51 


-1 


16 





30 





49 


-0.67 


0.16 


1.02 


2 


56 


-0 


69 


1 


17 


2 


61 


1 


92 


0.63 


1 


15 


-0 


66 


-1 


29 





30 





51 


-0.78 


0.12 


1.05 
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Figure 5: Vq x {B — V)o colour-apparent magnitude di- 
agrams for the Galactic clusters used for the application 
of the procedure. 
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Figure 6: Histogram of the residuals. 



Table 13: Distribution of residuals. N denotes the num- 
ber of stars. 



AM-intcrval 


< AM > 


N 


(-0.6,-0.5] 


-0.58 


7 


(-0.5,-0.4] 


-0.41 


1 


(-0.4,-0.3] 


-0.34 


4 


(-0.3,-0.2] 


-0.25 


7 


(-0.2,-0.1] 


-0.15 


16 


(-0.1,0.0] 


-0.05 


19 


(0.0, 0.1] 


0.06 


24 


(0.1, 0.2] 


0.15 


18 


(0.2, 0.3] 


0.26 


9 


(0.3, 0.4] 


0.36 


17 


(0.4, 0.5] 


0.41 


1 


(0.5, 0.6] 


0.52 


1 


(0.6, 0.7] 


0.65 


2 



taken from Table 7 and Table 10. The results are given in 
Table 14 and Table 15. 

We compared the absolute magnitude residuals evaluated 
via three procedures for the colour indices {B — V)o = 1.05, 
1.10, 1.15, 1.20, 1.25, 1.30, 1.35 which arc given in Tables 12, 
14 and 15, in order to choose the most advantage one and to 
test the effect of the age in absolute magnitude estimation of 
the red giants. The best statistic is the couple of their mean 
and standard deviation for this purpose. Table 16 shows that 
the three procedures provide absolute magnitudes agreeable 
with the ones appeared in the literature. However, the range 
of the residuals for the absolute magnitudes evaluated by the 
procedures which involve age as a term arc larger. That is, the 
procedure where the absolute magnitude is fitted to a third 
degree polynomial of the metallicity has an advantage respect 
to the others two. Hence, the procedures with large range of 



absolute magnitude residuals have not been extended to the 
other {B — V)o colour indices. 

The absolute magnitudes on the RGB at a given colour 
and metallicity do not change linearly or quadratically with 
ago, as implied by the form of Eqs. (4) and (5). Instead, 
the absolute magnitude gets rapidly fainter for young (and so 
massive) stars with a certain B — V and [Fe/H], but shows 
virtually the same absolute magnitude for all old stars, i.e. 
t > 6 Gyr. 

4 Summary and Discussion 

We presented an absolute magnitude calibration for red gi- 
ants based on the colour-magnitude diagrams of six Galactic 
clusters with different metallicities, i.e. M92, M13, M5, 47 
Tuc, M67, and NGC 6791. We combined the calibrations be- 
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Tabic 14: Absolute magnitudes (second column) and 
residuals (fourth column) estimated by the procedure ex- 
plained in Section 3.2. The coefficients Cj (z =0, 1, 2, 3, 
4, 5) are taken from Table 8. The absolute magnitude 
Mci (taken from Table 12) indicates the absolute magni- 
tude estimated by the colour magnitude diagram of the 
corresponding cluster. 



(B - V)a 


Cluster 




Mel 


AM 


1.05 


M3 


-1.38 


-1.28 


0.10 


1.05 


M53 


-1.77 


-1.61 


0.16 


1.05 


M71 


0.25 


0.15 


-0.10 


1.05 


NGC 188 


2.53 


2.23 


-0.30 


1.05 


NGC 6366 


0.28 


-0.06 
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1.05 


IC 4499 


-1.42 


-1.56 
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1.05 


Ter 7 


-0.23 


-0.11 


0.12 


1.10 


M3 


-1.61 


-1.44 


0.17 


1.10 


M53 


-2.00 


-1.78 


0.22 


1.10 


M71 


-0.05 


-0.10 


-0.05 


1.10 


NGC 188 


2.13 


1.77 


-0.36 


1.10 


NGC 6366 


-0.16 


-0.29 


-0.13 


1.10 


IC 4499 


-1.96 


-1.69 


0.27 


1.10 


Ter 7 


-0.69 


-0.40 


0.29 


1.15 


M3 


-1.71 


-1.58 


0.13 


1.15 


M53 


-2.06 


-1.92 


0.14 


1.15 


M71 


-0.25 


-0.35 


-0.10 


1.15 


NGC 188 


1.86 


1.43 


-0.43 


1.15 


NGC 6366 


-0.37 


-0.50 


-0.13 


1.15 


IC 4499 


-2.07 


-1.81 


0.26 


1.15 


Ter 7 


-0.87 


-0.66 


0.21 


1.20 


M3 


-1.74 


-1.71 


0.03 


1.20 


M53 


-2.03 


-2.04 


-0.01 


1.20 


M71 


-0.39 


-0.57 


-0.18 


1.20 


NGC 188 


1.62 


1.16 


-0.46 


1.20 


NGC 6366 


-0.55 


-0.68 


-0.13 


1.20 


IC 4499 


-2.13 


-2.00 


0.13 


1.20 


Ter 7 


-1.24 


-0.89 


0.35 


1.25 


M3 


-2.81 


-1.84 


0.97 


1.25 


M53 


-3.26 


-2.16 


1.10 


1.25 


M71 


-1.22 


-0.74 


0.48 


1.25 


NGC 188 


1.18 


0.87 


-0.31 


1.2."; 


NGC 6366 


-1,21 


-0,85 


0.36 


1.2.-) 


Icr 7 


-2. (12 


-1,10 


0.92 


1.30 


M3 


-1.92 


-1.96 


-0.04 


1.30 


M53 


-2.17 


-2.26 


-0.09 


1.30 


M71 


-0.65 


-0.85 


-0.20 


1.30 


NGC 188 


1.25 


0.44 


-0.80 


1.30 


NGC 6366 


-0.89 


-0.98 


-0.09 


1.30 


Ter 7 


-1.59 


-1.29 


0.30 


1.35 


M3 


-1.94 


-2.09 


-0.15 


1.35 


M53 


-2.16 


-2.35 


-0.19 


1.35 


M71 


-0.72 


-0.94 


-0.22 


1.35 


NGC 6366 


-1.01 


-1.05 


-0.04 


1.35 


Ter 7 


-1.71 


-1.47 


0.24 



Table 15: Absolute magnitudes (second column) and 
residuals (fourth column) estimated by the procedure ex- 
plained in Section 3.2. The coefficients di {i = 0, 1, 2, 
3, 4) are taken from Table 9. The absolute magnitude 
Mci (taken from Table 12) indicates the absolute magni- 
tude estimated by the colour magnitude diagram of the 
corresponding cluster. 



(B - V)o 


Cluster 


Me„ 




AM 


1.05 


M3 


-1.47 


-1.28 


0.19 


1.05 


M53 


-1.96 


-1.61 


0.35 


1.05 


M71 


0.27 


0.15 


-0.12 


1.05 


NGC 6366 


0.18 


-0.06 


-0.24 


1.05 


IC 4499 


-1.55 


-1.56 


-0.01 


1.05 


Ter 7 


-0.31 


-0.11 


0.20 


1.05 


NGC 188 


2.07 


2.23 


0.16 


1.10 


M3 


-1.67 


-1.44 


0.23 


1.10 


M53 


-2.15 


-1.78 


0.37 


1.10 


M71 


-0.02 


-0.10 


-0.08 


1.10 


NGC 6366 


-0.10 


-0.29 


-0.19 


1.10 


IC 4499 


-1.76 


-1.69 


0.07 


1.10 


Ter 7 


-0.56 


-0.40 


0.16 


1.10 


"VT ^ /"I TOO 

NGC 188 


1.69 


1.77 


0.08 


1.15 


M3 


-1.86 


-1.58 


0.28 


1.15 


M53 


-2.33 


-1.92 


0.41 


1.15 


M71 


-0.28 


-0.35 


-0.07 


1.15 


NGC 6366 


-0.35 


-0.50 


-0.15 


1.15 


IC 4499 


-1.95 


-1.81 


0.14 


1.15 


Ter 7 


-0.80 


-0.66 


0.14 


1.15 


NGC 188 


1.38 


1.43 


0.05 


1.20 


M3 


-2.04 


-1.71 


0.33 


1.20 


M53 


-2.48 


-2.04 


0.44 


1.20 


M71 


-0.51 


-0.57 


-0,06 


1.20 


NGC 6366 


-0.57 


-0.68 


-0,11 


1.20 


IC 4499 


-2.13 


-2.00 


0.13 


1.20 


Ter 7 


-1.02 


-0.89 


0.13 


1.20 


NGC 188 


1.12 


1.16 


0.04 


1.25 


M3 


-2.20 


-1.84 


0.36 


1.25 


M53 


-2.63 


-2.16 


0.47 


1.25 


M71 


-0.72 


-0.74 


-0.02 


1.25 


NGC 6366 


-0.78 


-0.85 


-0.07 


1.2,"; 


Tor 7 


-1,21 


-1,10 


0,11 


1.2,1 


NCX.: l<ScS 


(I.Hli 


0,.ST 


-0,01 


1.30 


M3 


-2.35 


-1.96 


0.39 


1.30 


M53 


-2.77 


-2.26 


0.51 


1.30 


M71 


-0.88 


-0.85 


0.03 


1.30 


NGC 6366 


-0.98 


-0.98 


0.00 


1.30 


Ter 7 


-1.40 


-1.29 


0.11 


1.30 


NGC 188 


0.66 


0.44 


-0.22 


1.35 


M3 


-2.47 


-2.09 


0.38 


1.35 


M53 


-2.88 


-2.35 


0.53 


1.35 


M71 


-1.02 


-0.94 


0.08 


1.35 


NGC 6366 


-1.15 


-1.05 


0.10 


1.35 


Ter 7 


-1.55 


-1.47 


0.08 
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Table 16: Mean (< AM >) and standard deviation (a) 
for the absolute magnitude residuals for three procedures. 
(1), (2), and (3) in the first column refer to the proce- 
dures given in Sections 3.3.1, 3.3.2 with coefficients c^, 
and Section 3.3.2 but with coefficients di 



mag which con firm the advantaRe of ou r results. We quote 



Liunggren fc Oial (| 19661 ) 



Procedure 


< AM > 


a 


1 


0.12 


0.20 


2 


0.04 


0.36 


3 


0.13 


0.21 



tween Vb and {B~V)o for each cluster with their true distance 
modulus and evaluated a set o absolute magnitudes for the 
(B — V)o range of each clusters. We adopted the Vo, (-B ~ V)o 
calibration of the cluster M5 which is defined in the interval 
0.75 < (-B — V)o < 1.50 mag as the standard colour magni- 
tude diagram and evaluated the AM offsets from the fiducial 
red giant sequence of the cluster M5. We, then combined 
AAI with the corresponding A[Fe/H] offsets and obtained 
the required calibration. 

We applied the procedure to another set of Galactic clus- 
ter, i.e. M3, M53, M71, NGC 188, NGC 6366, IC 4499, and 
Ter 7. The reason of this choice is that a cluster provides 
absolute magnitude for comparison with the ones estimated 
by means of our procedure. We used the calibration in Eq. 
(3) and evaluated a set of AM offsets for each cluster in their 
{B — V)o range. We, then added them to the corresponding 
absolute magnitudes derived for the standard cluster M5 and 
obtained the required absolute magnitudes. We compared the 
absolute magnitudes estimated by this procedure with those 
evaluated via combination of the fiducial Vb, {B — V)o se- 
quence and the true distance modulus for each cluster. 91% 
of the differences between two sets of absolute magnitudes 
(the residuals) lie in the range (-0.4, -1-0.4). The mean and 
the standard deviation of the residuals are 0.05 and 0.19 mag. 
The residuals cited in this study are at the level of the ones ap- 
peared in the literature. W e quote two works as example to 



con firm our argument, i.e. Laird. Carney fc LathamI (1988) 



and 



Karaali et al 



( 20031 ) 



Comparison of our work with the one of iHog fc Flvnn 



( 19981 ) shows that the re is an improvemen t on our results 
with respect to theirs. Hog fc Flvnn |l998l ) fitted the abso- 
lute magnitudes of 581 bright K giants in terms of t wo colours 
defin ed in the DDO intermediate band photometry (jMcClure 
197y), i.e. C4245 and C4548, by a quadratic polynomial. 
Then, they applied two small corrections to obtain more ac- 
curate absolute magnitudes. The range of the residuals of the 
final absolute magnitudes with respect to the Hipparcos ab- 
solute magnitudes is [-1, -|-1]. They give an accuracy of 0.35 



also the work of 

Although age plays an important role in the trend of the 
fiducial sequence of the RGB, we have not used it as a pa- 
rameter in this calibration of the absolute magnitude. An- 
other problem may originate from the Red Clump (RC) stars. 
These stars lie very close to the RGB but they present a com- 
pletely different group of stars. Table 13 and Fig. 6 sum- 
marize how reliable are our absolute magnitudes. If age and 
possibly the mix with RC stars would affect our results this 
should show up. Additionally, we should add that the fiducial 
sequences used in our study were properly selected as RGB. 
However, the researches should identify and exclude the RC 
stars when they apply our calibrations to the field stars. 

Despite the considerations stated in the preceding para- 
graph, we fitted the absolute magnitude to metallicity and 
age for a limited sub-sample of {B — V)o colour, i.e. 1.05, 
1.10, 1.15, 1.20, 1.25, 1.30, 1.35, and compared the residu- 
als evaluated by this procedure with the corresponding ones 
evaluated by means of the former procedure. The results in 
Table 16 confirm our argument. That is, the procedure where 
the absolute magnitude fitted to a third degree polynomial of 
(only) the metallicity provides more reliable absolute magni- 
tudes than the procedure which involves the age as a param- 
eter. 

The colour magnitude diagrams displayed in Fig. 2 are 
smooth and confirm the dependence of the absolute magni- 
tude calibration in Eq. (3) on colour and metallicity. The 
absolute magnitudes of a cluster with lower martallicty are 
brighter for given a colour. This argument was used as a 
tool to prefer the iron abundance [Fe/H] — -1.17 to -1.40 
de x for the cluster M5, where these values were proposed 



Zinn fc WestI (| 19841 '). respec 



by Sandguist et al. ( 199d ). and 
tively. The colour magnitude diagram of M5 is about 0.5 
mag fainter than the absolute magnitude of M13, for a given 
colour. Hence, the metallicities of these clusters should be 
different. As the iron abundanc e of M13 appeared in the lit- 
erature is [Fe/H] — —1.41 dex (jGratton et al.lll997l '). the one 
of M5 should be different than this value. 

One requires accurate metallicity and interstellar extinc- 
tion determination for the application of the procedure to the 
field stars. The absolute magnitude could be calibrated as 
a function of ultraviolet excess, instead of metallicity. How- 
ever, accurate ultraviolet magnitudes can not be provided eas- 
ily. Whereas, metallicity can be derived by different methods, 
such as by means of atmospheric parameters of a star, a pro- 
cedure which is applied rather extensively in large surveys 
such as RAdial Velocity Experiment (RAVE; 



Steinmetz et al. 



20061 ') . In such cases, one needs to transform the calibration 



from BV to the system in question. The clusters considered 
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in our paper are relatively old, t > 4 Gyr. For such stars the 
age is a secondary parameter and does not influence much the 
position of the RGB sequence. However, the field stars can be 
much younger. We should remind that the derived relations 
are applicable only to stars older than 4 Gyr. 
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